In the world, obesity became an epidemic involving millions of people. This alarming evidence shows that obesity is one of the major public health problems of the 21st century, also because of its cardiovascular complications. Childhood overweight (OW) is a very common problem in high-income countries, due to low-quality diet and poor physical activity. 1 Excess weight can be a cardiovascular risk factor also in pediatric age. 2,3 Moreover, childhood obesity can track into adulthood, [4] [5] [6] and is therefore associated with an increased risk later in life. 7 Hypertension (HT) is one of the most important obesity-related comorbidity and can develop already during childhood. 2, [8] [9] [10] The prevalence of pediatric prehypertension and HT is approximately 10% and 4%, respectively. 11 In Italy, the prevalence of HT in children is 4.1% and increases together with weight class: 1.4% in normal weight (NW), 7.1% in OW, and 25% in in obese (OB). 12 This prevalence is expected to increase if, as suggested by the new US guidelines, adjusted nomograms, excluding OW and OB children, were applied. 13 Moreover, a tracking from childhood to adulthood HT has been shown. 14 Given the serious implications associated with childhood HT and obesity, effective treatment is imperative and the first approach should be based on lifestyle modifications.
of children and adolescents. Subjects were referred to a Prevention of Cardiovascular Risk Clinic, due to the presence of excess weight (OW or OB) and/or elevated BP values (PH or HT).
METHODS

Subjects
We studied a cohort of children (4-18 years), consecutively referred from January 2009 to August 2015 by their primary care pediatricians to our Unit for Cardiovascular Risk Assessment in Children, because of evidence of elevated BP values and/or excess of weight. Exclusion criteria were impaired glucose tolerance, diabetes, any forms of secondary HT, and treatment with antihypertensive drugs. Children with normal BP and weight at the baseline visit were excluded from the study. The Unit for Cardiovascular Risk Assessment in Children includes a pediatrician, a cardiologist, a nephrologist, and 2 nutrition experts. The clinical team interacted to cover all clinical aspects related to the patients.
Baseline and follow-up assessments
At baseline, anthropometric parameters (weight, height, and waist circumference) and BP were assessed. Between the baseline and the follow-up assessment, periodic visits (every 3 months) were performed, during which the children's anthropometric parameters and BP values were again recorded. At each visit, information to assess the compliance with diet modifications, increase in physical activity, and decrease in screen time was requested to the families according to an agreed panel of questions, and the answers were reported in the medical record. Reinforcement of dietary and of lifestyle recommendation was offered when necessary. Follow-up ended in August 2016.
Anthropometric parameters and BP
Height, weight, and waist circumference were measured. Weight was approximated to the nearest 100 g and height to the nearest 1 cm. Body mass index (BMI) was calculated as weight (kg)/height (m) 2 . BMI z-scores were calculated using the Centers for Disease and Control and Prevention charts available at http://www.cdc.gov/nchs/. Weight class was defined according to the International Obesity Task Force classification, 20 distinguishing among NW, OW, and OB classes. Waist circumference was measured to the nearest 1 cm by a nonelastic flexible tape in standing position. Waist-to-height ratio (WtHr) was calculated dividing waist circumference by height. BP was measured using an aneroid sphygmomanometer with the appropriate cuff for the children's upper-arm size. This sphygmomanometer was calibrated at baseline and twice a month with a mercury sphygmomanometer. Measurements were performed after at least 5 minutes of rest. BP measures were taken 3 times (at 3-5 minutes intervals), and systolic BP (SBP) and diastolic BP (DBP) percentiles and z-scores were calculated according to the nomograms of the National High Blood Pressure Education Program Working Group on High Blood Pressure in Children and Adolescents, 21 due to the timing of the study. The children were classified according to the mean of the 3 measurements as follows: Normotensive (NT) if both SBP and DBP percentiles were <90th (z-score 1.282); PH if SBP and/or DBP percentiles were ≥90th, but both <95th (z-score 1.645); and HT if SBP and/or DBP percentiles were ≥95th.
Biochemical parameters
At baseline, blood samples were taken after a 12-hour fasting period for plasma glucose and insulin, total cholesterol, triglycerides, and high-density lipoprotein cholesterol concentrations measurement. Plasma glucose was measured by a glucose oxidase method and insulin was evaluated by chemiluminescent immunometric assay. Homeostatic model assessment (HOMA) index was calculated by dividing the product of plasma insulin (µU/ml) and plasma glucose (mmol/l) by 22.5. 22
Recommended lifestyle modifications
To all children, it was advised to perform at least 2-3 hours of structured physical activity every week, 23 to increase the time dedicated to movement-play and to reduce sedentary activities (videogames or TV watching) to no more than 1 hour daily, following the recommendations of the Italian Society of Pediatrics (http://www.sip.it/2017/09/25/ la-sip-presenta-la-piramide-dellattivita-motoria).
All subjects were given general advice for a healthy and balanced diet (increasing the consumption of fruit, vegetables, milk, and dairy products and reducing the intake of simple sugars, and eliminate soft drinks) with adequate salt consumption (no more than 5 g/day, i.e., 2 g of sodium) according to the World Health Organization guidelines (http://www.who.int/nutrition/publications/guidelines/ sodium_intake/en/).
At baseline visit, an expert nutritionist assessed the physical activity and eating habits of each child, interviewing parents. On the basis of the obtained data, appropriate changes in lifestyle and nutrition were proposed. A nutritional analysis was performed in order to prepare a personalized dietary scheme for each child, by a dedicated software (Dietosystem; DS Medica, Milano, Italy).
Depending on the pathological conditions (excess weight only, elevated BP only, and excess weight and elevated BP), specific recommendations were provided.
Excess weight. OW or OB subjects were supplied with a weekly dietary scheme, whose caloric content had been calculated according to the basal metabolic rate, by the Schofield equation 24 and on the basis of functional metabolism. 25 In younger children, a balanced dietary model was proposed, equal to the calculated energy expenditure (normocaloric regime), whereas in adolescents with severe excess weight, a mildly hypocaloric regime (−10%) was suggested.
Elevated BP. In HT or PH subjects, a reduction of salt intake was proposed (less than 5 g a day), as advised by the World Health Organization.
Statistical methods
The continuous variables were described by median, first, and third quartiles and the categorical variables by percentages. In order to compare baseline characteristics of children groups the Mann-Whitney and chi-square tests were used for continuous and categorical variables, respectively.
The probability in time of reaching the clinical target (NW + NT) was estimated by the Kaplan-Meier method. Time was calculated as the distance in years between the baseline visit and the first visit in which the children were NW and NT. Children were right censored at their last visit, if the event did not occur. A Cox multivariable regression model adjusted for gender, age, pathological condition HOMA index, and total cholesterol was applied to evaluate the baseline characteristics associated with the probability of reaching the target. As this is a positive event, the results are expressed as rate ratio of success with 95% confidence intervals (CIs). All the variables satisfied the proportional hazard assumption. The rate of visits for each children was calculated as the number of visits divided by the observed time and compared by the Poisson test.
Specific modifications in BP and weight were evaluated at a follow-up of 1 year. The distributions of weight class and BP category at baseline and at a follow-up of 1 year were described by bar plots, and the change was evaluated by the ordinal logistic model, as extension of the McNemar test for categorical data with more than 2 levels. 26 Box plots were used to describe BMI z-score and SBP z-score at baseline and at 1-year follow-up. The change was evaluated by paired t-test.
Factors associated with BMI z-scores at 1-year follow-up were evaluated by a linear regression model, adjusted for age, puberty, gender, BMI z-score, HOMA index, total cholesterol, and triglycerides at baseline. BP category at baseline was also included in a separate model.
Multiple linear regression models were used to assess the influence of age, puberty, gender, BMI z-score (or WtHr), SBP z-score, HOMA index, total cholesterol, and triglycerides values at baseline on SBP z-score measured during the follow-up. The change in BMI z-score was also included in a separate model. Similar models were applied on DBP z-score. Analyses were performed in SAS v.9.4 and R (https://cran.rproject.org/); 2-sided tests were considered.
Informed consent was obtained from the children's parents, and the Local Ethical Committee approved the study protocol.
RESULTS
A total of 435 children were referred to our center from January 2009 to August 2015 for the baseline visit ( Figure 1 ). In 88 (20%) children, diagnosis was not confirmed and they were excluded from the study. Of the remaining 347, 74 (21%) had no follow-up assessment available (dropout), whereas 273 had one or more follow-up visits. Out of 273, 198 had a total follow-up of at least 1 year (follow-up ≥ 1 year), and the remaining 75 had a total follow-up lower than 1 year (follow-up < 1 year).
There were no significant differences among subjects who dropped out (n = 74), as compared with children who continued to come to our center after their first visit (n = 273) (Supplementary Table 1 ). Table 1 shows the clinical features of the 273 children (median age 11.4, range 4-18 years) divided into 2 groups: n = 75 (follow-up < 1 year) and n = 198 (follow-up ≥ 1 year). There were no significant differences according to the follow-up classification (<1 year or ≥1 year), with the exception of the central obesity (WtHr, P = 0.02). A total of 167 (61%) were excess weight only, 20 (7%) had elevated BP only, and the remaining 86 (32%) showed both conditions. In Supplementary Table 2 , the general dietary habits of our cohort at baseline are shown.
Children were followed for a median follow-up time of 1.4 years with a total of 1,515 visits and an overall rate of 4 visits per subject-year. The probability of reaching the clinical target (NW + NT) is estimated, accounting for the available follow-up of the entire sample (n = 273) in Figure 2 . At 1 year from the baseline, the probability of reaching the target was 19% (95% CI = 14%; 24%), and at 3 years it increased to 38% (95% CI = 28; 47%).
In the Cox regression model shown in Table 2 , the pathological conditions were included as explanatory factors. Subjects who at baseline showed only 1 pathological condition were more likely to reach the clinical target than children who had both excess weight and elevated BP. If the pathological condition at baseline was excess weight, the rate ratio of success was equal to 2.1 (95% CI: 1.05; 3.98, P = 0.04). The rate ratio of success was higher for children with only elevated BP at baseline compared to children with both elevated BP and excess weight (13.9, 95% CI: 6.28; 30.75, P < 0.0001). Older children had a more favorable treatment response (rate ratio of success = 1.12, 95% CI: 1.01; 1.23, P = 0.03). Children who succeeded in reaching the target of NW + NT did not have a higher rate of visits with respect to others (4.25 vs. 3.92, respectively; Poisson test on rate of visits, P = 0.25). Figure 3 represents the distribution of weight class, BP category, BMI z-score, and BP z-score at baseline and after 1 year of follow-up in 198 children with follow-up ≥ 1 year. The intervention was associated with a significant improvement both in weight class and BP category (P < 0.0001 and P = 0.0008, In the linear regression model (Table 3) , factors significantly associated with the BMI z-score at 1 year of follow-up were baseline BMI z-score values (P < 0.0001) and HOMA index (P = 0.045). Neither puberty at baseline nor switch to puberty during follow-up was associated with the outcome. When included in the model (model B), BP category at baseline was not statistically associated with BMI z-score at 1 year of follow-up (P = 0.34). Results did not change including the WtHr: baseline BMI z-score and HOMA index remained statistically associated with BMI z-score at 1 year of follow-up (P < 0.0001 and P = 0.03, respectively, data not shown). Factors strongly associated with SBP z-score at 1 year of follow-up were baseline SBP z-score (P < 0.0001) and body weight reduction (P = 0.0003) ( Table 4 , model B). Again the presence of puberty and switch to puberty during follow-up were not associated with the outcome. The results were not changed by replacing the BMI z-score with WtHr (Supplementary  Table 3 ). Even in the subgroup of children with excess weight only, baseline SBP z-score and delta BMI z-score were predictors of SBP z-score at follow-up (Supplementary Table 4) .
When considering DBP z-score values at 1 year of follow-up, only DBP z-scores at baseline were significant, also when the BMI reduction was included in the model (Supplementary Table 5 ). When the model was adjusted for central obesity, also WtHr reduction in addition to baseline DBP z-score values resulted as independent predictor of DBP values (Supplementary Table 6 ).
DISCUSSION
Our data show that a multidisciplinary intervention based on the modification of lifestyles is able to reduce BP in a pediatric population with and without excess weight. The BP percentile decreases also in excess weight NT children losing weight.
In our sample, the velocity of achieving the clinical target (NW + normotension) increases by 12% for every year of age at baseline assessment. This could underline a greater adherence to treatment when patients grow up and become more aware of their clinical status.
Regarding the achievement of the target, the presence of elevated BP as the only pathological condition is associated with the greatest success of the intervention. This could indicate a situation of major alarm in families in the face of hypertensive disease.
Data concerning the effectiveness of nonpharmacological interventions aimed at improving the weight class in children and adolescents are quite numerous. A Cochrane meta-analysis took into account 70 randomized clinical trials, based on both diet and physical activity interventions. 15 Only about half of the studies presented their results as BMI z-scores (n = 37) and showed that the intervention leads to a significant reduction of BMI z-score of 0.06 (P = 0.001), with high heterogeneity. In our sample, the BMI reduction (−0.27 BMI z-score in children with excess weight and elevated BP and −0.33 BMI z-score in those with excess weight only) is greater than the results of the meta-analysis, but our study is not randomized. However, our results are similar to those of another observational study performed with similar methods of intervention in a population of Italian children. 27 Baseline BMI z-score and HOMA index are the factors associated with BMI z-score at 1 year. The independent role of the HOMA index is conserved even after adjusting for the waist. Insulin resistance has been shown to lead to weight gain, with slimming difficulties, because insulin is an antilipolytic hormone, stimulating the fats deposition and inhibiting their use. 28, 29 Our data confirm the evidence of an independent role of elevated insulinemia in conditioning the response to dietary treatment.
Our intervention provides a strong call for the patients and their families to increase physical activity. A meta-analysis showed that the association of a nutritional intervention with an increase in physical activity is associated with much better results than the single diet. 30 An observational study also came to similar conclusions. 31 Moreover, programs based only on increasing physical activity were able to improve weight and some cardiovascular parameters. 32, 33 The reduction of sedentary lifestyles is therefore a fundamental point for obtaining results in a program for childhood obesity. In our children, the treatment leads to a reduction of BP values, with an overall reduction in SBP z-score of 0.47 (95% CI = 0.34; 0.61). The randomized studies on the effect of lifestyle modifications on BP are few and with weight reduction as primary end point, as shown in the meta-analysis by Ho et al. 34 Furthermore, it is difficult to compare our data with those of previous studies, as the latter provides results as mm Hg rather than as a z-score. The meta-analysis by Ho et al. 34 showed a mean reduction of about 3.5 mm Hg of SBP associated with lifestyle interventions in 7 randomized trials that comprise a total of 269 treated children vs. 285 controls. In our population, the subgroup of NW children referred to our clinic because of elevated BP shows a significant reduction in SBP without any weight change at 1 year of treatment, suggesting a beneficial effect of sodium intake reduction associated with increased physical activity. It is known that Italian children are characterized by excessive sodium and deficient potassium intake. 35, 36 Many studies support the effect of Dietary Approaches to Stop Hypertension diet on BP reduction in pediatric and adult populations. 13, 16, 37 The dietary counseling employed in our study was similar to the Dietary Approaches to Stop Hypertension diet. A meta-analysis including 10 trials performed in children and adolescents showed that a modest reduction in salt intake caused a slight but significant decrease in both SBP and DBP. 38 Rocchini et al. 39 have previously shown that the child obesity-related HT was sodium sensitive. Our data suggest that even in NW hypertensive subjects, a diet with sodium intake reduction may have a positive effect on BP. Unfortunately, in our study, when we talk about sodium intake reduction, we refer to the fact that children were given low sodium diets. In fact, we do not have a direct measure of the sodium urinary output before and after dietary treatment. In our study, the main factor associated with a positive outcome on BP is, in addition to a lower baseline z-score of BP, the reduction of body weight at follow-up. This data confirm that in children the weight excess is one of the main determinants of primary HT and underline the pivotal importance of weight reduction to counteract it. It is important to note that weight loss is associated with a reduction of the BP percentile even in children with BP values below the 90th percentile. This finding is particularly interesting in light of the recent suggestion to propose pressure nomograms created in populations that exclude excess weight subjects. 13 The new US guidelines, in fact, propose a lowering of the threshold that defines HT in the pediatric age, underlining the importance of correct lifestyles even in subjects with only slightly elevated pressure values. A limitation of our study is the presence of dropouts; however, we did not find significant differences between these subjects and the included ones. Our study is not a randomized clinical trial; thus, we are not able to assess whether the effect of intervention is due to the intervention per se. However, as the effect of lifestyle modification is recommended, 13 it would not be ethical to deprive excess weight and/or hypertensive children of this effective intervention. Further limitations are that the sodium urinary output was not measured, compliance with increase in physical activity and decrease in sedentary was self-reported, and socioeconomic status was not assessed. Moreover, the study could have improved using ambulatory blood pressure monitoring to exclude white coat hypertensive subjects at baseline. A strength of our study is that we standardized (z-scores) all the variables included in the analysis to evaluate the effect of the intervention taking in account that we were dealing with growing children. In addition, we evaluated the effect of our intervention on 2 cardiovascular risk factors, both excess weight and HT, in the same population.
In conclusion, our data demonstrate the efficacy of a multidisciplinary nonpharmacological intervention, both when excess weight and elevated BP are present as distinct clinical problems, and in the case of their association. 
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